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VIBRATING BEAM TRANSDUCER
Hugh E. Riordan, Wyckoff, N.J., assignor to Singel:-Gen-
eral Precision, Inc., Little Falls, N.J., a corporation of
Delaware
Original application Jan. 4, 1965, Ser. No. 423,148, now
Patent No. 3,413,859, dated Dec. 3, 1968. Divided and
this application Aug. 24, 1967, Ser. No. 672,665
Int. CL. GO1p 15/08 .
US. CL 73—-517 2 Claims

ABSTRACT OF THE DISCLOSURE

A vibrating beam transducer providing a direct digital
output for a gyro. A pair of vibrating beams are housed
in an elongated container. Connection to one of the gyro
gimbals is made either from a center point connecting two
near ends of the beams to the gimbal or by a frame ex-
tending over the elongated container to the outer ends of
the beams.

This is a division of application Ser. No. 423,148 filed
Jan, 4, 1965, now Patent No. 3,413,859 issued on Dec.
3, 1968.

The present invention relates to gyros and more par-
ticularly to a rate gyro having a digital output.

There presently are two broad application areas for a
gyro with a digital or pulse output; namely, in advanced
autopilots for vehicles carrying a central high-speed digital
computer, and in “strap down” guidance systems. These
applications possibly could be satisfied by employing gy-
ros having torquers and pick-offs capable of being used in
an electrically restrained rate mode, in conjunction with
pulse rebalance circuits, (or analog capture) and voltage
to frequency converters. However, the electrical capture
scheme requires excessively complex circuitry and very
high torquer output which result in high cost and com-
promised gyro performance. Direct encoding of gyro
output using a digital angle encoder also might be con-
sidered, but this is not practical because the large gyro
output angles required for reasonable resolution would re-
sult in poor bandpass and excessive cross coupling.

In accordance with the present invention a rate gyro
having a direct digital output is provided which elim-
inates the disadvantage of the other approaches men-
tioned above. The direct digital output is obtained by
using vibrating beam force transducers similar to the
type employed in advanced digital accelerometers to re-
strain precession of the gyro rotor. Because of the high
stiffness-scale factor product of the transducers, output
angles can be limited to a few microradians, if desired,
and correspondingly broad bandpass and wide dynamic
range can be obtained. The supporting electronics is rela-
tively simple and the output is a frequency proportional
to input angular rate. Precise input angle information is
available in digital form from a simple count of output
cycles.

Accordingly it is one object of the invention to provide
a gyro which produces a direct digital output.

It is another object of the invention to provide a gyro
which does not require torquers or angle pick-offs.

It is a further object of the invention to provide a
rate gyro having a direct digital output which enables
extremely wide bandpass to be obtained.

It is a still further object of the invention to provide
a gyro of the type described above wherein the angular
precession of the gyro is infinitesimal so that no signif-
icant cross coupling or rectification errors can occur.

It is a still further object of the invention to provide
a digital transducer which can be incorporated in existing
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gyro designs with minor modifications to convert the gyro
output to a direct digital output.

It is a still further object to provide an evacuated vi-
brating beam transducer capsule which can be incorpo-
rated easily in a gyro operating in gas or air to convert
the gyro output to a digital output.

Other objects and features of novelty of the present in-
vention will be specifically pointed out or will otherwise
become apparent when referring, for'a better understand-
ing.of the invention, to the following description taken in
conjunction with the accompanying drawings, wherein:

FIG. 1 is a perspective view of a conventional gyro
incorporating a vibrating beam transducer in accordance
with one embodiment of the invention for producing a
digital output;

FIG. 2 is a perspective view of the vibrating beam
transducer used in the gyro of FIG. 1;

FIG. 3 is a fragmentary view illustrating a modified
construction for connecting the vibrating beam transducer
of FIG. 1 to the gyro gimbal;

FIG. 4 is a fragmentary view illustrating another modi-
fied construction for connecting a pair of vibrating beam
transducers between the gyro frame and gimbal in a push
pull relationship;

FIG. 5 is a schematic diagram of a circuit for vibrating
the transducers of FIG. 4 and producing a digital out-
put;

FIG. 6 is a perspective view of a two-degree-of-free-
dom gyro restrained by a pair of vibrating beam trans-
ducers;

FIG. 7 is a perspective view similar to that of FIG. 6
illustrating a two-degree-of-freedom gyro restrained by
four vibrating beam transducers;

FIG. 8 is a cross-sectional view of a two-degree-of-free-
dom gyro illustrating another embodiment of the inven-
tion;

FIG. 9 is a sectional view of a vibrating beam trans-
ducer capsule embodying features of the invention;

FIG. 10 is a sectional view similar to that of FIG. 9
illustrating another embodiment of a vibrating beam
transducer capsule; and,

FIG. 11 is a sectional view illustrating still another
embodiment of a vibrating beam transducer capsule.

-Referring to FIG. 1, a conventional gyro 10 is il-
lustrated which has been modified to produce a digital
output directly in accordance with the present invention.
It comprises a gimbal 12 having axially aligned stub
shafts 14 and 16 journalled in the upstanding legs of a
frame 18 by gimbal bearings 20 and 22, respectively. A
conventional grease ring damper 24 is mounted on the
frame and operatively connected to the stub shaft 16
to dampen movement of the gimbal 12 in a conventional
manner. A rotor housing 26 is mounted within the gimbal
12 in a conventional manner with the rotor spin axis
28. perpendicular to the precession axis 3¢ and input
axis 32 of the gyro. The gimbal 12 is restrained against

-significant angular movement relative to the frame by a

vibrating beam transducer 34 connected between a flange
36 of the frame and a rigid finger 38 projecting from
the gimbal 12.

The vibrating beam transducer 34 is of the type em-
ployed in advanced digital accelerometers as disclosed in
Patent No. 3,269,192, entitled “Tuning Fork Digital Ac-
celerometer” by Hamilton Southworth, Jr. and John C.
Stiles and assigned to the assignee of the present applica-
tion. Referring to FIG. 2 as well as FIG. 1, the vibrating
beam transducer 34 comprises parallel spaced apart beams
40 and 42 connected together in parallel spaced apart
relation by end supports 44 and 46. The vibrating beam
transducer is mounted on the gyro by attaching the end
support 44 to the projection 38 on the gimbal and attach-
ing the end support 46 to the flange 36 on the frame,
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Details of the construction of the vibrating beam trans-
ducer and the manner in which the beams 40 and 42 are
vibrated at their natural frequency to produce the digital
output will be described in greater detail hereinafter. In
general, however, the vibrating beam transducer has suf-
ficient stiffness to limit precession of the gimbal 12 in
either direction to a very small angle, such as a few
microradians, if desired. When the gimbal precesses in a
clockwise direction as viewed in FIG. 1 the vibrating
beam transducer is placed under compression, and when
the gimbal rotates in a counter-clockwise direction the
vibrating beam transducer is placed under tension. The
natural frequency of vibration of the beams 4@ and 42
decreases in proportion to an input angular rate which
places the vibrating beam transducer in compression, and
increases in proportion to an input angular rate which
places the vibrating beam transducer in tension. This
change in natural frequency is proportional to the input
angular rate and is utilized to produce the desired digital
output.

Modifications of the gyro 10 illustrated in FIG. 1 are
shown in FIGS. 3 and 4. In FIG. 3 the end support 44 of
the vibrating beam transducer 34 is connected to the
gimbal 12 by a spring section 5@ rather than by the rigid
projection 38 illustrated in FIG. 1. The other end sup-
port 46 is connected directly to the flange 36 of the frame
18 as before. This reduces the restraint on the gimbal and
allows it to precess through a slightly greater angle. In
FIG. 4 a second vibrating beam 35 is connected between
a flange 37 on the frame 18 and the projection 38 to
which the vibrating beam transducer 34 is connected.
The arrangement is such that the vibrating beam trans-
ducer 34 is placed under compression and the vibrating
beam transducer 35 placed under tension when the
gimbal 12 precesses in a clockwise direction and the
transducer 35 compressed and transducer 34 tensioned
when the gimbal precesses in a counter-clockwise direc-
tion. The gyro output is taken as the difference frequency
of both transducers to cancel the even-order non-linear
terms. This modification provides extremely good
linearity.

The aforementioned Patent No. 3,269,192, assigned to
the assignee of the present application discloses several
techniques for vibrating the beams (or tines) of trans-
ducers similar to the transducer 34 of the present inven-
tion, together with techniques for monitoring the vibra-
tions and producing a digital output. In accordance with
one of these techmiques, the beams 40 and 42 of each
of the transducers 34 and 35 (FIG. 4) are made of a
very thin beam of magnetic permeable material so that
they can be vibrated at their natural frequency by sole-
noids 51-54 energized by an AC voltage. In this em-
bodiment the beams 40 and 42 each have a length =%
inch, a width w=14g inch, and a thickness £=.003 inch.

As illustrated in FIG. 4 the solenoids 51 and 52 are
positioned on opposite sides of the vibrating beam trans-
ducer 34 and the solenoids 53 and 54 on opposite sides
of the transducer 35. A pair of interconmected pick-up
coils 55 and 56 are positioned in the air gaps between
the solenoids 51 and 52 and the vibrating beam trans-
ducer 34 and a similar pair of interconnected pick-up
coils 57 and 58 are positioned in the air gaps between the
solenoids 53 and 54 and the vibrating beam transducer
35 so that each of the pick-up coils will have a voltage
induced therein having the same frequency as that of
the vibrating beam adjacent thereto. Changes in the
natural frequency of the vibrating beams when placed
under compression or tension, as previously described,
will be detected by the pick-up coils 55-58 and the output
of the pick-up coils may be applied to a suitable circuit,
such as the circuit illustrated in FIG. 5, to indicate the
magnitude of the input angular rate. The signal from
the pick-up coils 55-58 also is fed back to the solenoids
51-54 to control the frequency of the energizing voltage
to maintain the beams vibrating at their natural frequency.
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Referring specifically to FIG. 5, one embodiment of
an electrical circuit is illustrated for vibrating and moni-
toring the vibrating beam transducers 34 and 35 of FIG. 4.
The AC voltage induced in the pick-up coils 55 and 56
is amplified by the amplifier 280 and applied to the sole-
noids 51 and 52 to sustain the vibration of the beams
40 and 42 at their natural frequency. The amplified volt-
age has a frequency W; and is applied to a frequency
multiplier 282 and then to a mixer 284. An identical
feedback circuit (not shown) incorporating the pick-up
coils 57 and 58 and the solenoids 53 and 54 is provided
to sustain the vibration of the beams of the vibrating
beam transducer 35 and an amplified voltage having the
frequency W, is similarly applied to a frequency multi-
plier 286 and then to the mixer 284 where it is mixed
with the frequency W;. The intermodulation of the fre-
quencies W; and W, that occurs in the mixer 284 pro-
duces the sum and difference frequencies W;-+-W, and
W1—Ws, which, after separation by filters 288 and 290,
are applied to counters 292 and 294, respectively. The
counters convert these frequencies into proportional
digital numbers which are then multiplied in a digital
multiplier 296 to produce the integral of the input angular
rate as a digital number. The interval over which this
takes place is determined by the length of the gate volt-
age produced by a generator 298 which opens the gate
300 admitting the output frequencies of the mixer to the
counters 292 and 294. The generation of the gate voltage
is controlled by a trigger pulse which also is applied as
a reset pulse to the two counters. The pulse is delayed
before application to the gate voltage generator in order
to allow resetting of the counters to be completed before
a new computing period is initiated.

As stated previously precession of the rotor 26 mounted
within the gimbal 12 places both beams of one of the
vibrating beam transducers 34 under compression and
both beams of the other transducer under tension. This
causes & decrease in the natural frequency of the vibrat-
ing beam transducer placed under compression which is
proportional to the input angular rate and an increase
in the natural frequency of the vibrating beam trans-
ducer which is placed under tension which also is pro-
portional to the input angular rate. By arranging the
two vibrating beam transducers 34 and 35 in back to
back relationship as illustrated in FIG. 4 so that the
natural frequency of one is increased while that of the
other is decreased in response to the input angular rate,
temperature sensitivity is reduced and the two outputs
from the vibrating beam transducers may be combined
in a very simple way to produce the frequency output
with errors minimized as previously stated. If only one
vibrating beam transducer 34 is employed as iltustrated
in FIG. 1 its frequency output can be compared with a
timing reference in the digital computer to determine
in its natural frequency in response to the input angular
rate.

Another technique disclosed in the aforementioned co-
pending application for vibrating a transducer similar to
the vibrating beam transducer 34 at its natural frequency
and monitoring the frequency of vibration is to vibrate
the beams 40 and 42 of the transducer electrostatically
by passing an AC current therethrough. The beams are
preferably made from quartz crystals lapped down to a
thickness of .003 inch, with each of the confronting sur-
faces thereof gold-plated and wired at one end with a 5-
mil wire to facilitate electrical connection to the beam.
The end supports 44 and 46 preferably are made of
quartz to electrically insulate the beams from one another
and from the gyro gimbal and frame. The beams 40 and
42 are connected to the end supports by a suitable ce-
ment, such as a watch crystal cement which may be dis-
solved by acetone. The end supports, in turn, are ce-
mented to the projections 38 and flanges 36 and 37 of
the frame (FIG. 4) and, if desired, clamps may be pro-
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vided to firmly secure the end supports to the projection
38 and flanges 36 and 37.

In the particular embodiment illustrated in FIGS. 1
and 2, the length [ of the beams is about one-fourth of
an inch, and the width w of each is one-sixteenth of an
inch, with the clearance between the beams being about
007 inch. To provide beam amplitudes of about 10u
inches, an AC voltage of 40 volts may be impressed
across the beams or a DC bias voltage of 40 volts may
be impressed across the beams, along with an AC voltage
of 10 volts. Voltage frequencies of from 4-8 kc. or more
may be used, and the natural frequency of the beams
picked up or monitored in any suitable manner, includ-
ing accoustically, if desired. Circuitry similar to that il-
lustrated in FIG. 5 may be employed to convert the
input angular rate of the gyro to digital form and also
to provide a feedback circuit for varying the frequency
of the voltage applied to the beams to maintain the vi-
bration of the beams at their natural frequency.

Referring to FIG. 6 a conventional two-degree-of-free-
dom free gyro 60 is illustrated which is equipped with
two vibrating beam transducers 62 and 64 to provide
digital outputs. The gyro 60 comprises a frame 61 hav-
ing a gimbal 66 rotatably mounted thereon by gimbal
bearings 68 and 70 with a rotor housing 72 rotatably
mounted within the gimbal 66 by gimbal bearings 74 and
76. The rotor spin axis 73 is, of course, perpendicular
to the output axes defined by the gimbal bearings. The
vibrating beam transducer 62 is connected between the
rotor and frame to restrain precession about the axis
defined by the gimbal bearings 74 and 76, and the trans-
ducer 64 is connected between the rotor and frame to Te-
strain precession about the output axis defined by the
gimbal bearings 68 and 70. Consequently, the output
frequency of the vibrating beam transducer 62 can be
utilized to provide a digital output representative of the
input angular rate about one input axis and the frequency
of the vibrating beam transducer 64 utilized to produce a
digital output proportional to the input angular rate about
the other input axis. In this embodiment the vibrating
beam transducers 62 and 64 are identical to the trans-
ducer 34 of FIGS. 1 and 2, but are connected to the
frame 64 and rotor 72 by flexure wires 78 to accommo-
date misalignments due to tolerances, deflections and dif-
ferential thermal expansion.

Referring to FIG. 7 the gyro 60 of FIG. 6 is illustrated
with vibrating beam transducers 82 and 84 added to as-
sist the vibrating beam transducers 62 and 64. The vibrat-
ing beam transducers 82 and 84 are connected between the
rotor housing 72 and the frame 61 by flexure pivots 78
with the transducer 82 diametrically opposite the trans-
ducer 62 and the transducer 84 diametrically opposed
to the transducer 64. This arrangement is analagous to
the embodiment of FIG. 4 in that one transducer of each
diaimetrically opposed pair will be placed in compres-
sion when the other is placed in tension and vice versa
so that the output about each output axis will be the dif-
ference frequency. As in FIG. 4 this cancels the even-
order non-linear terms and improves linearity.

Referring to FIG. 8, a two-axis rate gyro 100 is il-
lustrated having a combination flexure wire and dia-
phragm in place of the conventional gyro gimbal structure.
The gyro 100 comprises a base plate 102 having a cen-
tr4l opening 104. A central support 106 is mounted on
the base plate 102 above the central opening 104. The
central support 106 has a radially projecting flange 108
on the upper end thereof terminating in a cylindrical
flange 110. The transducer electronics is contained in a
package 112 positioned within the central support 106
so that electrical connections can be made thereto through
the opening 104.

The rotor 114 is contained within a rotor housing 116
which comprises a supporting body 118 and a windage
shield 120. The body 118 comprises an inverted cup-
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shaped portion 122 positioned over the central support
106 having a radial flange 124 projecting from the lower
end thereof to which the windage shield 120 is secured.
A cylindrical bearing wall 126 projects upwardly from
a central dividing wall 128 of the body 118 in coaxial
alignment with the central opening 104 of the base plate
102.

A pair of spin bearings 130 and 132 are cemented
within the bearing wall 126 for rotatably journalling a
stubshaft 134 projecting downwardly from an upper end
wall 136 of the rotor 114. The rotor has a cylindrical
wall-138 -depending downwardly from the end wall 136
which is'maintained in spaced relation to the radial
flange’ 124 of the supporting body by a shoulder 140 on
the central stub shaft 134 engaging the upper spin bearing
130, the upper spin bearing being maintained in spaced
relation to the lower spin bearing 132 by a pair of con-
centric spacer sleeves 142 and 144. A hysteresis 1ing 146
is mounted on the cylindrical wall 138 between the spin
bearings 130 and 132 and a motor stator 148 within the
hysteresis ring 146 is mounted on the bearing wall 126 of
the supporting body 118. Suitable stator coils 150 are
wound on the stator 148.

The supporting body 118 is universally mounted on
the central support 106 by a flexure wire 160 and a
flexure diaphragm 162, the latter being conmected be-
tween the upper end of the cylindrical flange 110 and
the end face of a boss 164 on the lower face of the
dividing wall 128. The flexure wire 160 takes axial load
and the diaphragm 164 provides the radial load capacity.
Fingers 170 and 172 are fixed to the radial flange 124 of
the support body 118 and project radially inward there-
from along one output axis of the gyro. A vibrating beam
transducer 173 is connected between the finger 170 and
the radial flange 108 of the central support 106 and a
vibrating beam transducer 174 is connected between the
finger 172 and the radial flange 108. A second pair of
fingers (not shown) are similarly positioned on the other
output axis and fixed to the radial flange 124 in position
to cooperate with the radial flange 108 to support another
pair of vibrating beam transducers in a similar manner
to restrain precession of the gyro about the other output
axis.

As in the embodiment of FIG. 7 the difference fre-
quency of the vibrating beam transducers 173 and 174
provides the output about one output axis and the differ-
ence frequency of the other pair of vibrating beam trans-
ducers (not shown) provides the output about the other
output axis. The entire gyro is enclosed by a cover 180
secured to the base plate 102 and, if high performance is
required, the entire unit can be evacuated since the trans-
ducers preferably are operated in a vacuum. However,
for applications of moderate accuracy, operation in air
or gas is acceptable.

An inertial grade gyro can be made by enclosing the
vibrating beam transducer or transducers in a suitable
evacuated container which incorporates a flexible force
transmitting element, The transducer, so enclosed, is used
to restrain the rotation of a float in a fluid-filled gyro,
for example. The flotation of course isolates the sensitive
elements of such an instrument against environmental
accelerations. Three types of transducer capsules which
can be used are illustrated in FIGS, 9, 10 and 11. In each
case the critical requirements, in addition to perfect leak
tightness, are minimum spring rate of the flexible seal
element and insensitivity to ambient pressure changes.

Referring to FIG. 9, a simplified transducer capsule
comprises a container 184 having a solid wall 186, end
walls 188, an apertured wall 190 and a central boss 192
having 2 radial flange 194 on the outer end thereof de-
fining a central opening coaxially aligned with the aper-
ture in the wall 190. One end of a thin walled, small
diameter tube 196 having a circular cross-section is fixed
within radial flange 194 and the other end thereof is
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closed by a fitting 198. A pair of vibrating beam trans-
ducers 200 and 202 are fixed between the fitting 198 and
opposed points on the end walls 188 by flexure wires 204.
An input lever 206 extends into the tube 196 with one end
thereof fixed to the fitting 198 and the other end thereof
adapted to be fixed to the inertial element of the gyro to
provide the input torque to the vibrating beam transducers
as indicated by the curved arrow. One of the transducers
is placed in compression and the other in tension in re-
sponse to precession of the inertial element in one direc-
tion and this is reversed in response to precession in the
other direction. The necessary pivotal movement of the
lever 206 is accommodated by bending of the thin walled
tube 196. If the motion is sufficiently small the tube will
retain its circular cross-section and changes in ambient
pressure will not impose any forces on the vibrating beam
transducers. The container 184 is evacuated.

Referring to FIG. 10 another embodiment is illustrated
for transmitting the gyro output torque from a fluid-filled
gyro float chamber into an evacuated transducer con-
tainer. This embodiment comprises a sealed container 210
having end walls 212 sealed by a diaphragm 214. A lever
215 is sealingly supported on the diaphragm 214 with one
end thereof projecting into the sealed container. A pair
of vibrating beam transducers 216 and 218 are connected
between the end of the lever within the container and
opposed points on the end walls 212 by flexure wires as
in the embodiment of FIG. 9. A flexure wire 220 is con-
nected between the inner end of the lever 215 and a wall
222 of the container to resist axial pressure loads on the
diaphragm.

The container 210 is evacuated as in the embodiment of
FIG. 9 and, therefore, this construction is pressure sensi-
tive in the sense that the bending stiffness of the dia-
phragm 214 is a function of the pressure differential
across it. However, the pressure sensitivity function has
zero slope at zero angular deflection, so that for small
motions, good independence of pressure change can be
achieved. The input force is applied in either of two
directions as indicated by the arrow and the diaphragm
bends about an axis in its plane so as to act as a pivot
fulcrum.

Referring to FIG. 11 another embodiment of a trans-
ducer capsule is illustrated. It comprises a rigid frame 230
having end flanges 234 and 236. A sealed container 238
is positioned between the end flanges 234 and 236 which
is divided into two separate compartments by a central
wall 240. The outer ends of the compartments are sealed
by flexible diaphragms 242 and 244 and the compart-
ments are evacuated. Vibrating beam transducers 246 and
248 are supported in each of the compartments by flexure
wires 204 and additional flexure wires 252 and 254 con-
nect the diaphragms 242 and 244 to the flanges 234 and
236, respectively. Relative movement between the frame
230 and sealed container 238 in the direction indicated
by the arrows produced by the inertial element being re-
strained, places one transducer in compression and the
other in tension as in the previous embodiments and the
output is taken as the difference frequency of the trans-
ducers.

The following primary formulas have been derived for
calculating various parameters of the vibrating beam
transducers, and gyros employing these transducers. In
these formulas /, w and k represent the length, width and
thickness of a vibrating beam as illustrated in FIG. 2
and the following symbols are employed:

& is the stress in a beam in pounds per square inch;

T is force in pounds;

E is Youngs modulus (p.s.i.);

Af is frequency change;

fo is the unloaded base frequency of the beams;

« is the mass density of the beam material in Ib. sec.2/in.%;
=, is the base frequency instability (c.p.s.);

K’s is the fixed constant independent of beam design.
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AXIAL STRESS IN VIBRATING BEAMS
(1) L
F  2uwh
FREQUENCY SCALE RATIO
(2) Af g ( _0.142 12(0)
F P PEE Kewe\7)="F 2\7F
SCALE FACTOR
3 A 0 146
B AP R T T W

BASE FREQUENCY

(4) h E_. I
fo=1. 03l2\/7 K.}

BIAS CHANGE DUE TO FREQUENCY DRIFT

(3) =
F bg = :g—Ff
THIRD ORDER NON-LINEARITY
(6)

=K' Sp?

For a single degree of freedom gyro restrained by a
vibrating beam transducer as illustrated in FIG. 1:

(7) Fr=Hg

therefore

®) P=H2
po

where:

H is angular momentum (inch 1b. sec.);

o is input angular rate (rad./sec.);
r is the perpendicular distance from the precession axis
30 to the vibrating beam transducer 34.

The basic Equations 1 through 6 now become, for a
gyro:

(9) T

¢ 2Hwh
(10) Af

fm s (5)

(i1) A‘pf Ko=f.S0
12 h
(12) fomr.h
(13) _=

q’b‘_S(P
(14) ;;i_K3,S¢2

where: gy, is the angular rate bias uncertainty.
ANGLE RESOLUTION

(15) !
=180
GYRO NATURAL FREQUENCY
(16) _ em
Wa=y/"F
(17) f _E_E_ZHgo
1 Al_—a - ¢r
(18) 2HEr 2HEr
Va7V a(®)
where: EEERREIN)

kq is the axial spring rate of a pair of beams;
J is the output axis moment of inertia of the gyro (in. Ib.
sec.2).
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While it will be apparent that the embodiments of the
invention herein disclosed are well calculated to fulfill the
objects of the invention, it will be appreciated that the
invention is susceptible to modification, variation- and
change without departing from the proper scope of fair

meaning of the subjoined claims. For example, other types .

of vibrating transducers can be employed in place of the
vibrating beam transducers disclosed herein. The afore-
mentioned copending application of Hamilton South-
worth, Jr. and John C. Stiles discloses several different
types of vibrating transducers which could be employed.
Also vibrating strings of the type disclosed in the patent
to Appleton 3,098,388 issued on July 23, 1963 could be
employed in place of the vibrating beam transducers.
Since the vibrating strings collapse when compressed,
they would have to be used in back-to-back relationship
with both strings pre-tensioned. Referring to FIG. 4, for
example, a vibrating string could be substituted for each
of the vibrating beam transducers 34 and 35 and pre-
tensioned in the null position. With this arrangement the
tension in one spring would increase and the tension in
the other decrease in response to precession of the gimbal
12 in one direction, and this would be reversed in response
to precession in the other direction. Of course, the natural
frequency of the strings increases when the tension in-
creases and decreases when the tension decreases. For
some applications it also would be possible to restrain
precession with force transducers, such as piezo-electric
crystals, which are not vibrated. Such force transducers
would produce an electrical output which varies with the
force exerted on the transducer in response to precession
of the gyro rotor.

Accordingly the term vibrating beam transducer is
used in the following claims to define transducers which
can be compressed as well as tensioned. The term vibrat-
ing transducer is used to generically designate vibrating
beam transducers and other types of transducers which
are vibrated, such as vibrating string transducers. The term
transducer is used in the following claims to generically
define all vibrating and non-vibraing transducers which
can be used to convert a force applied thereto by preces-
sion of the gyro rotor into an electrical output signal which
varies in response to the applied force.

What is claimed is:

1. A vibrating beam transducer capsule comprising
an elongated container (184) extending in a plane having
a central opening therein, a thin walled small diameter
tube (196) disposed normal to said plane having one
end sealed within said opening and the other end pro-
jecting freely into said container, a fitting (198) sealing
off said other end of the tube so that said container can
be evacuated, a pair of vibrating beam transducers (200,
202) each having one end connected to said other end of
said tube and the other end connected to the wall of said
container by flexure wires (204); an input lever (206)
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extending into said tube (196) and having one end
thereof connected to said fitting (198) for transmitting
torque thereto, the other end of said lever being adapted
to be fixed to a gyro in a manner to pivot said one end
of the lever in response to precession of the gyro rotor,
one of said transducers being placed under compression
and the other under tension in response to precession of
the gyro rotor in one direction and said one transducer
being placed under tension and the other under compres-
sion in response to precession of the gyro rotor in the
opposite direction; and, electrical means coupled to said
transducers for vibrating the transducers at their natural
frequency and producing a frequency proportional to the
precession of the gyro motor.

2. An evacuated vibrating beam transducer capsule
comprising a container (238) divided into two longitudi-
nally spaced compartments having open outer ends, a
flexible diaphragm (242, 244) sealing off each open end
of said container so that said compartments can be evacu-
ated, a vibrating beam transducer (246, 248) positioned
longitudinally in each of said compartments and con-
nected between the diaphragm thereof and a point on the
wall of the container opposite said diaphragm, flexure
wire means connecting each of said diaphragm to a frame,
said flexure wire means being longitudinally aligned with
said vibrating beam transducers, said frame (230) ex-
tending around said container with arms (234, 236) con-
nected to said wire means at opposite ends, whereby
longitudinal movement of said container relative to said
frame in one direction places on transducer in compres-
sion and the other in tension and relative movement in
the opposite direction places said one transducer under
tension and said other transducer under compression;
and, electrical means coupled to said transducers for vi-
brating the transducers at their natural frequency and
producing a frequency proportional to the relative move-
ment of the frame and container. '
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